The effect of various sulfhydryl reagents on the ribosomes of Bacillus subtilis was studied. The 70S ribosomes were completely dissociated into 30S and S0S subunits by appropriate concentrations of p-chloromercuribenzoic acid (PCM B) and 5,5'-dithio-bis-(2-nitro-benzoic acid). The N-ethylmaleimide and iodoacetamide failed to dissociate the ribosomes even at relatively high concentrations. The rate of dissociation of ribosomes by PCMB varied with the concentration of ribosomes. A progressive decrease in the rate of dissociation was observed as the concentration of ribosomes in the reaction mixture was increased. The PCMB-induced ribosomal subunits were unable to reassociate into 70S monomers unless they were dialyzed against buffer containing 0-mercaptoethanol. On the average, four molecules of PCMB per 70S ribosome and two molecules of PCMB per each 30S and 50S subunit were bound. The number of PCMB molecules bound per ribosome did not change with increasing concentrations of PCMB, even though higher concentrations of PCMB resulted in dissociation of ribosomes into subunits.
The knowledge of the interaction which links the 30S and 50S ribosomal subunits together is limited and based on a series of observations. It is generally accepted that magnesium ions or polyamines play an important role in the association of the ribosomal subunits (13) . The divalent cations are believed to form ionic bridges between the phosphate groups of the ribosomal ribonucleic acid (rRNA) chains of the two subunits (2) . The role of hydrogen bonds in the association of subunits has been suggested by Watson (15) and Moore (7) . A number of workers (5, 8, 16) have suggested that ribosomal proteins may be involved in the interaction between two subunits.
Recently, Tamaoki and Miyazawa (10) observed that sulfhydryl reagents caused dissociation of 70S ribosomes of Escherichia coli into 30S and 50S subunits and suggested that sulfhydryl groups of the ribosomal proteins may have an important role in maintaining the integrity of the ribosomes of E. coli. More recently, Parish et al. (9) found that there is one thiouridylic acid residue per 165 rRNA chain and two thiouridylic acid residues per 23S rRNA chain of E. coli. In addition, they observed that ribosomes from those organisms (including Bacillus subtilis) which contained no detectable amount of thiouridylic acid in their rRNA were not dissociated by p-chloromercuribenzoic acid (PCM B). From these observations, they suggested that a correlation exists between the presence of thiouridylic acid in the rRNA and the sensitivity of the 70S ribosomes toward the thiol reagent.
In this paper we describe the results of our study on the effect of various sulfhydryl reagents on the ribosomes of B. subtilis. It temperature of the chamber was maintained at 4 C during centrifugation. After centrifugation, the tubes were punctured from the bottom, and 10-or 15-drop fractions were collected. Each fraction (about 0.2 ml) was diluted with 0.5 ml of buffer B, and the absorbance at 260 nm was determined. Whenever it was necessary to determine the radioactivity, 0.5 ml of each diluted fraction was transferred to 10 ml of Bray's solution (1) , and the radioactivity was measured in a Tri-Carb liquid scintillation counter (Packard Instrument Co., Downers Grove, 111.).
Other methods. The concentration of the ribosomes was determined by measuring the absorbance at 260 nm (3, 13) . The molecular weight of ribosomes was assumed to be 2.65 x 106, 1.8 x 106, and 0.85 x 106 for 70S, 50S, and 305 ribosomes, respectively (3, 13) .
RESULTS
Effect of sulfhydryl reagents on B. subtilis ribosomes. The ribosomes (4 to 6 mg/ml) were incubated with PCMB or DTNB at 32 C for 5 hr, and a portion of the reaction mixture was analyzed by sucrose density gradient centrifugation ( Fig. 1 ). The ribosomes of B. subtilis were completely dissociated into 30S and SOS subunits at 2 mm PCMB or 10 mM DTNB. To understand the effect of these two reagents more clearly, the effect of various concentrations of these reagents was studied (Fig. 2) . It is clear from Fig. 2 that the effect of PCMB was much more pronounced as compared to that of DTNB. For example, in the presence of 2 mM PCM B, the ribosomes were completely (95%) dissociated, whereas no dissociation of ribosomes was observed in the presence of the same concentration of DTNB. In the presence of I mM PCMB, only slight (15 to 20%) dissociation was observed, and lower concentrations had no effect. Also shown in Fig. 2 are the effects of N-ethylmaleimide and iodoacetamide. The ribosomes did not dissociate even in the presence of very high concentrations (50 mM) of these reagents. Since the ribosomes were most sensitive to PCMB (Fig. 2) , the effect of this reagent was studied in more detail.
Effect of temperature on dissociation of ribosones by PCMB ad its time course. The data in Fig. 3 illustrate the effect of temperature on the dissociation of the ribosomes by PCMB. It is clear that the initial rate of dissociation was markedly increased at higher temperature. At 40 C the dissociation was nearly complete in I hr, whereas dissociation took almost 4 hr at 20 C. The control ribosomes, incubated at 40 C for 2 hr, did not dissociate.
Influence of the concentration of ribosomes on the dissociation caused by PCMB. To observe the influence of the concentration of ribosomes in the reaction mixture, the effect of PCMB at different concentrations of ribosomes was investigated (Fig. 4) . It is clear (Fig. 4) PCMB or 10 mM DTNB at 32 C for 5 hr. The PCMB-treated ribosomes (5 optical density units at 260 nm) and DTNB-treated ribosomes (3 optical density units at 260 nm) were subjected to sucrose density gradient centrifugation as described in Materials and Methods.
sive decrease in the rate of dissociation was observed as the concentration of ribosomes in the reaction mixture was increased. At 4.3 mg/ml, nearly 95% of the ribosomes were dissociated in 5 hr, whereas, in the presence of 13 mg/ml of ribosomes, only 38% of the ribosomes dissociated under otherwise identical conditions. However, after a prolonged period of incubation, all of the ribosomes were dissociated even at high concentrations of ribosomes. These results suggested that high concentrations of ribosomes retard the rate of dissociation of the ribosomes, but the extent of dissociation was not changed.
Effect of magnesium ions on the dissociation of ribosomes by PCMB. It is well known that magnesium ions, as well as other divalent cations, play an important role in the dissociation and association of ribosomes and their subunits (2, 13) . It was therefore of interest to examine the effect of magnesium ions on the dissociation of ribosomes by PCMB.
As shown in Fig. 5 , there was no appreciable change in the effect of PCMB on the ribosomes between 10 and 20 mM magnesium ions. On the other hand, the effect of DTNB was considerably influenced by changes in magnesium ion concentration. It is clear (Fig. 5 ) that the dissociation of ribosomes by DTNB was inhibited by approximately 50% when the concentration of magnesium was raised from 10 mM to 20 mM. How- Fig. 7 and 8, the ribosomes were incubated with 2 mM and 0.5 mM '4C-PCMB. The unbound 1 C-PCMB was removed by gel filtration through a Sephadex G25 column. The ribosomes were centrifuged in sucrose density gradients and analyzed both for absorbance at 260 nm and the distribution of radioactivity in the gradients. Figure 7 tivity. In the presence of 0.5 mM 14C-PCMB, the radioactivity coincided with the position where P0KB Conc. Sn ahl 70S ribosomes sedimented (Fig. 8) (3, 13) . Table I sample were centrifuged in a sucrose density gradient. The ribosomes which showed incomplete dissociation ..were incubated at 5 C for another 15 hr. The percent-5~7 9 11 13 age of ribosomes dissociated was determined by sucrose density gradient centrifugation. Symbols: after 5 hr of incubation (0); after an additional 15 hr of incumg/ml of ribosomes bation (0). ciation of ribosomes, whereas high concentrations of PCMB dissociate ribosomes in a manner not dependent on the presence of thiouridylic acid in rRNA.
The dissociation of E. coli ribosomes by PCMB has been reported to proceed through an intermediate which sediments at 60S (10 B. subtilis rRNA. Although it has been reported that mammalian ribosomes require high concentrations of PCMB for dissociation (4) . This may be due in part to the general difficulty involved in the dissociation of mammalian ribosomes into 40S and 60S subunits (6, 11, 12) .
It is conceivable that the binding of PCMB facilitates dissociation of ribosomes through steric hindrance or by impairing the S-S bond formation. The S-S bonds may stabilize the subunits as 70S ribosomes. However, the binding of PCMB to SH groups of ribosomes per se is probably not responsible for the dissociation of ribosomes. Although the actual mechanism for the dissociation of the ribosome-PCMB complex in the presence of 2 mM PCMB remains obscure, it is quite possible that higher concentrations of PCMB would force the unbound PCMB to associate with the PCMB bound to the ribosomes in such a manner that it works as a wedge resulting in the dissociation of ribosomes. This possibility is strengthened by the observation that the number of bound PCMB molecules remained unchanged whether or not the ribosomes had been dissociated. It has recently been suggested (14) that short-range attraction forces such as hydrophobic interactions may be partly responsible for the association of ribosomal subunits. It is conceivable that high concentrations of PCMB (a hydrophobic compound) may interfere with the hydrophobic interaction between the ribo- aThe ribosomes (6 mg/ml) were incubated at 30 C for 5 hr. The unbound 14C-PCMB was removed by gel filtration through Sephadex G25 column. Ribosomes (2.5 to 6.5 optical density units at 260 nm) were analyzed by sucrose density gradient centrifugation. The optical density at 260 nm and radioactivity of peak fractions were used to calculate the molar ratio between PCMB and ribosomes. The standard error (SE) of the mean of the number of PCMB molecules bound to ribosomes was obtained from 10 observations with 70S ribosomes and 3 observations each with 30S and 50S subunits. 
